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Abstract 
The study is an interdisciplinary study as it links to both chemistry and also social science. 
The project investigated the learning and recall of information of year 9 students at Richard 
Lander School. In total 85 students participated in this study. Two top set ability groups and 
two bottom set ability groups were selected by the school to participate in either a non-practical 
or practical lesson. The students all completed a pre-lesson test to assess their knowledge of 
the lesson subject (chromatography) prior to the lesson. This was used to establish that the 
top/bottom set ability was the same for each group (1) regardless of whether or not they were 
participating in the practical or non-practical lesson. The students also completed a post 
lesson, retention of information and VARK test. The results of these tests were analysed for 
statistically significant differences using SPSS software to perform relevant t-tests.  
 
No significant statistical difference was found in the learning of information for the top set 
ability students as a result of the lesson style (practical vs non-practical). A significant 
statistical difference was found for the bottom set as a result of the lesson style (practical vs 
non-practical) with the practical lesson style yielding higher test scores. From these results it 
was concluded that practical work enhances the learning of information for low ability 
students, but provides little benefit for high ability students. The results of the VARK 
comparisons showed very little conclusive evidence, however students with a multimodal 
learning approach appear to learn better than any other students regardless of whether the 
lesson is practical or not. Both the individual learning style of the students and the style of 
lesson were found to have the greatest effect on students from the bottom set.
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Introduction 
The study is a combination of both social science ideas and methodologies and 
chemistry aimed at investigating how the presentation of ideas in a lesson can affect the 
students learning. The study of science is widely deemed as an important component of 
education. It is said to influence the way students think, learn, problem solve and 
evaluate information across a wide range of subjects and often in everyday life (2).  
This particular study focuses on how beneficial practical work is to learners of different 
abilities and learning styles. Undoubtedly practical work has been proven to improve the 
practical skill levels of students (3). However, as the majority of secondary school 
students do not consider a career in chemistry, the cultivation of these skills is not 
necessarily as important as the understanding of the subject. With respect to the learning 
of chemistry many studies demonstrate that there is still a place for practical work and 
that as students learn in a variety of ways the removal of chemistry practicals could 
hinder the ability of some students to understand the content of the curriculum. This 
study hopes to investigate how beneficial practical lessons are and to whom they are 
most beneficial to. 
The work of Piaget 
Chemistry is taught as part of the core subject of science in secondary schools. The 
teaching of science in secondary schools has been the subject of many studies within 
teaching. One key idea in the learning of science is “constructivism” (4), which was 
pioneered by Jean Piaget. Piaget believed that children were not less intelligent but that 
they thought differently from adults and used active learning processes to make 
observations and learn about the world. In this way children were actual thinking like a 
scientists (5). Piaget believed in four stages of development, The Sensorimotor Stage 
(birth -2 years), The Preoperational Stage (2-7 years), The Concrete Operational Stage 
(7-11years) and The Formal Operational Stage (12 years and up)(6). Piaget’s work was 
and is still considered to revolutionary, Georg W. Oesterdiekhoff states that, “Jean Piaget 
(1896–1980) is known as the greatest scholar in the entire history of developmental 
psychology and possibly scientifically more relevant than Freud, Binet, Lewin, Skinner, 
Eysenck,” (7). 
 
Although the core beliefs of Piaget’s work have been largely well received there have 
been questions raised about his stages not being accurate as some children have been 
found to develop earlier than Piaget suggested (8). Other inconsistencies were drawn 
from Piaget’s belief that children learnt by physically exploring their world, this proved to 
not always be true as children whose physical abilities had been impaired (due to being 
born with either missing or poorly functioning limbs) where seen to have normal cognitive 
development (9) home. Although Piaget’s work has been criticised over the years it still 
has a huge amount of relevance within teaching and learning, particularly across the 
sciences. This is due to science having practical applications and in lesson time students 
are given an opportunity to learn from experiences they physically witness. 
The process of chromatography 
Chromatography is a key analytical method used within chemistry. For the purposes of 
this experiment a very simple model was used, but it does have much more complicated 
and wider reaching applications. The chromatography method used was pen ink 
separation via chromatography paper. This method of separation was subject to a large 
volume of work by Friedrich Goppelsroeder who has been referred to as the “pioneer of 
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paper chromatography” (10). Goppelsroeder’s work centred around the separation of 
commercially used dyes to determine the components of pure dyes. An example of this 
was his separation of picric acid from curcuma dye and from indigo (11). Teaching 
chromatography in secondary education is relevant as students wishing to continue to 
study will encounter chromatography not only in chemistry applications, but also in many 
other areas of study including but not limited to biology, forensics and pharmacology. The 
principles taught at secondary school set the basis of understanding for the widely used 
practices of Gas chromatography (GC) and High-Performance Liquid Chromatography 
(HPLC).  
A key principle of chromatography is the idea of retention/retardation factors (Rf). If an 
experiment is exactly replicated the Rf values of a compound will remain the same. If 
different mobile and or stationary phases are used then the compound may be seen to 
have a different Rf  value (12). The method for calculating the Rf can be seen below in 
equation 1. 
 
Equation 1 
𝑇ℎ𝑒 𝑚𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑
𝑇ℎ𝑒 𝑚𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑓𝑟𝑜𝑛𝑡
 
The units for distance must be the same on the numerator and the denominator. The 
solvent front is the distance the mobile phase has moved. Both distances are measured 
from the baseline. 
The Importance of teaching 
The British educational system has the ability to cover a wide range of educational 
needs, this is particularly apparent within in science as there is scope for both written 
work and practical learning. Practical experiments give students the opportunity to learn 
from what they see and do during lesson time. 
Even with the wide range of mediums available to teach sciences students can feel 
disconnected with the subject matter, this has been demonstrated in a number of studies. 
In findings from a questionnaire by the Oxford, Cambridge and RSA examinations board 
(OCR) it can be seen that chemistry and physics faired considerably worse than biology, 
 “51% of teenagers think science lessons are boring, confusing or difficult” (13). 
 Students were also asked if they would study science if it became non-compulsory, to 
which the reply was, 
 “45% said they would take biology, 32% chemistry, 29% physics and 19% combined 
science”(13). 
In a separate study by the Royal Society of Chemistry (RSC) there were a lot of positive 
findings about the general public’s feelings on chemists (14). Unfortunately, although the 
public believe chemists make a difference to their world and consider them to be honest, 
approachable and enthusiastic 28% of the public believe them to also be boring. This 
backs up the OCR findings that 51% of students find science as a whole boring and as 
chemistry is a subject within science it is highly likely that this statement also applies to 
chemistry. 
Rf = 
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As much of the general public’s knowledge of chemistry will come from their perception 
formed during their school years it is fair to assume that the widely held belief that 
chemistry is boring starts at school. It can therefore be construed that chemistry lessons 
are or at least have been unable to stimulate and engage students. In a 1988 study of 
students aged 17 very few students seemed to have enjoyed or engaged with the 
science lessons they were taught at school (15). An important question for consideration 
here is “what can be done to improve public perceptions of science?” 
Unfortunately, currently the best way of assessing how engaged students are is by their 
exam results. There are obvious flaws in this process (mainly students could be 
extremely engaged and excited by a subject but not necessarily take on the relevant 
information needed to pass an exam or students have found the lesson appealing but 
due to other learning needs perform poorly exams). The alternative is to survey the 
students opinion for their opinion of the lesson and how engaging they found it (16), 
however this tells us little about what content has actually been learnt. 
With this current system in mind research has identified that there is a strong correlation 
with the quality of teaching and the results attained by students. A key argument for this 
is that the countries in which students perform the best have the best teachers as they 
recruit the very top percent of their graduates for teaching. For example, South Korea 
recruits the top 5% of graduates (17) and in 2014 was ranked the top educational system 
in the world (18). Finland employs the top 10% of graduates (19) and is ranked top 5. Not 
only is there a similarity in that both education systems perform extremely well and have 
a proportion of the top graduates there is also a decrease in the quality of the education 
system as the quality of the graduate is diluted. In 2015 the UK's most successful subject 
(science) was placed 15th (19) in the world standings. The government has many 
strategies to improve this score, one such strategy is to reduce the teacher work load to 
allow for teacher to, “concentrate on teaching and their own development”(20, 21).This 
would hopefully improve the quality of teaching, however the majority of the policies that 
the government has proposed appear to focus on the infrastructure of the schools as 
opposed to the teaching (22). In a separate report in 2013 the differences between the 
English education system and those of the highest achieving systems at key stage 3 
were highlighted as,  
“Compared to the average for other countries, England has younger teachers and head 
teachers, fewer modern language teachers, more autonomous schools, significantly 
greater numbers of teaching assistants and administrative and managerial staff in 
schools, and teachers reporting longer total working hours on average but not face-to-
face teaching hours” (22). 
The interesting point to note here is the large amount of time and money invested in 
employing managerial and administrative staff, whilst also having teaching assistants 
taking on more work to a higher standard than they may be comfortable with. 
  
The Plymouth Student Scientist, 2019, 12, (1), 305-344 
 
309 
 
Relevant work to the study 
Origins of VARK 
VARK stands for Visual, Aural, Read/write, and Kinaesthetic learning styles. The 
development of the VARK learning styles and questionnaire (23) was started by Neil 
Fleming, the first article he wrote alluding to learning styles in this sense was “Not 
Another inventory” (24). In the conclusion of the article Fleming suggest that some of the 
many positive outcomes from this type of learning and the questionnaire are empowering 
students to reflect upon their sensory preferences and to modify their study methods 
accordingly. One of Fleming’s main inspirations appears to be Dunn and Dunn (25). The 
work by Dunn and Dunn centred on the concept that by adapting lesson styles to suit 
individual needs the students learnt information more quickly and were less prone to 
disruptive behaviour (26). The validity of the method used to create this concept has 
been called into question (27). 
As a result of his research Neil Fleming went on to produce the VARK questionnaire. The 
questionnaire was designed to highlight each student’s favoured learning style so that the 
learner would be aware of methods of learning which could benefit them and also 
teachers would be able to tailor lessons to suit individual learning needs. 
Recent work on evaluating the use of learning styles has shown that in 2014 90% of 
teachers in the UK believed that students learn better when there learning styles are 
taken into consideration (28). However, the reliability of the research on learning styles 
has often been called in to question(29, 30). This is due to the bias present in Neil 
Flemings work, particularly due to the fact that he is self-published and both Neil Fleming 
and Dunn and Dunn can be seen in the work to reference work that they themselves 
have undertaken in order to validate their own methods. Criticism has also been drawn 
on the misconceptions of learning styles as it can be seen that while learners may have a 
specific learning style this will in fact vary from task to task (29). 
 
The impact of practical work 
Experimentation is core part of the majority of scientific research and has therefore been 
used to teach science to students in order for the students to gain an understanding of 
both analytical thinking and practical skills. 
The necessity of the use of practical working within science based education has been 
upheld by the national science teachers association (NSTA) which actively endorses the 
use of practical work within lessons (31). 
In a study conduct by Abrahams and Millar students aged 11-16 participated in 25 
practical lessons to assess whether or not the practical lessons helped the students to 
understand relevant scientific theories. The study concluded that the expectations of the 
teachers were that by visualising a scientific experiment the students would then be able 
to uses this experience and apply it to their theory work. However, for the majority of the 
students this was not the case and without prompting, parallels between the work in the 
lab and the area of study were not made. The teachers were seen to expect the learning 
of theory concepts to emerge organically of their own accord during the practical 
processes. The study concluded that there was very little value to practical work pursued 
in this manner (32). 
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Social science concepts 
There are many approaches to social science studies of the four broad approaches 
outlined by Porta and Keating this study has been designed to incorporate a post-
positivist approach. The bases of which is outlined in table 1. 
Table 1: Issues for consideration when applying a post-positivist approach 
Issue Post-positivist ideas 
Does social reality exist? Objective, critical realism 
Is reality knowable? Yes, but not easy to capture 
Relationship between the 
scholar and his/her object 
Knowledge is influenced by the 
scholar; deductive procedures 
Forms of knowledge Probabilistic law 
 
The core principle that post-positivist research works from  is that social science is similar 
to other physical sciences and as such the researcher can describe and analyse it (33). 
The post-positivist approach is carried out in natural conditions (34) (e.g. the classroom 
as opposed to laboratory conditions). 
This study was modelled on concepts put forward by Heritier in particular the acquisition 
of “generalizable knowledge the respect to the phenomena in question” (33).The 
phenomena in question is that of memory and retention of information of KS3 chemistry 
students. The experiment was developed with reference to the “casual explanation”, 
which is used to describe studies that are based on a number of assumptions about the 
way the world works. For a study to be considered casual the cause in question must 
generate an effect (35). In the case of this study the cause under consideration is 
practical work and the effect is the learning and retention of information. Studies must 
follow set rules on reliability and replicability which refers to any steps taken being 
possible to replicate and the outcomes reassessed. In order to evaluate the validity of the 
study the effectiveness of the measurements used in the study to deliver relevant results 
is analysed (33). Prognostication must also be considered by using existing studies to 
draw conclusions. When designing this method, the reliability and replicability, validity 
and prognostication were all considered. 
 
The necessity of this study 
The current academic position 
 
The current position on the use of practical work is that it is beneficial to all students as it 
teaches them a set of skills not available through solely participating in non- practical 
lessons. A study which compiled information on the usefulness of laboratory work within 
in scientific learning found that, 
 
 “the assumption that laboratory experiences help students understand materials, 
phenomena, concepts, models, and relationships, almost independent of the nature of 
the laboratory experience, continues to be widespread in spite of sparse data from 
carefully designed and conducted studies”(36). 
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Studies also concluded that learning styles have a great influence on the understanding 
and retention of information and that without practical lessons students who learn best 
visually and kinaesthetically are not given a chance to excel. 
Although there are a large number of studies on the relevance of practical work within 
science there are also many gaps partly due to a huge range in external factors, whether 
this is individual students, teachers, facilities, schools or the syllabus. 
 
The gap in the research 
 
There is a gap in the current work where although learning styles are often assessed via 
a questionnaire the effects of different lesson styles on students learning and the 
compatibility of the lesson style with the student’s regards learning style are not 
compared. Another reason for performing this study is that although the learning and 
retention of information for students participating in practical lessons has been compared 
to non-practical lessons there is variation on the non-practical lesson style and very few 
studies of this nature have been carried out in the UK. 
 
Aims and objectives 
Aim 
The aim of this project was to investigate the effect of lesson styles and learning styles 
on the learning and retention of information 
Objectives: 
 Identify a practical suitable for participation and non-practical explanation. 
 Trial the chosen practical in the university lab prior to incorporating it in lessons. 
 Carry out non-practical and practical style lesson with secondary school students 
of the same ability. 
 Identify a method for testing learning and recall of the lesson. 
 Use statistics to see if there is a significant difference in the learning and retention. 
of information with regards to lesson style and learner style. 
 
Materials and Methods 
Ethical approval 
Prior to beginning any work with the students’ ethical approval was sought and granted 
from the University of Plymouth. The experiment was conducted within the stipulations of 
the ethical approval guidelines. 
Study groups 
The study groups used were selected by the school where the experiment took place. All 
the study groups were part of year 9 as this year was deemed to have more time 
available as they were not yet undergoing exam preparation for GCSE’s. The lower years 
were discounted as their practical experience was limited. The students all have two 
science lessons a week in which they are taught biology, physics and chemistry. The 
chosen groups had varying abilities, two of the groups were top sets of A/B ability (9L1, 
9L2) and two sets were bottom sets of very low ability with some learning difficulties 
(9L5,9L6). From these groups 9R6 and 9L2 were selected to do the non-practical lesson 
due to timetabling. 
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As all the lessons had to be taught by the same teacher to ensure they were as similar as 
possible. It was not possible to teach every lesson on the same day. The lessons were 
taught at the times shown in table 2. 
 
Table 2: Timetabling of study groups 
Group Lesson type Class 
set 
Date 
4/12/17 8/12/17 11/12/17 
Period 
9R5 Practical Bottom 3  3 
9L1 Practical Top 5 1 
9R6 Non-practical Bottom  2  
9L2 Non-practical Top 3 
 
As shown in the timetable it was necessary for the practical groups to have two lessons 
in order to cover the work as the set up and carrying out of the practical took up lesson 
time. 
To assess long term retention of information all the groups undertook the same test on 
the week beginning 26th March. 
Subject of study 
The subject taught was chromatography; this was also selected by the school, due to it 
being a short practical which therefore allowed for knowledge tests to be carried out at 
the beginning of the lesson. Chromatography is taught in the school as part of the C2: 
Elements, compounds and mixtures module, specifically C2.1: Separation techniques 
with the OCR exam board (37). 
 
As this was not the student’s first experience of chromatography it was necessary to 
conduct a knowledge test at the beginning of each lesson to establish the level of 
knowledge students had prior to the lesson (38). The same test was conducted at the 
end of the lesson. The lesson was planned with reference to ideas from the RSC 
chromatography practical (39). Although many of the students had some experience of 
using chromatography to separate dyes, the lesson plan built on this by teaching the 
calculation of Rf  values (40) which had not previously been taught. 
 
Practical experiment 
The practical selected for the students to perform was separating inks using 
chromatography and calculating the Rf values (40).The students were then asked if any 
of their Rf  values from the “suspects” matched an Rf value of a pen ink found on some 
“evidence” ( ransom note). For this reason, the practical was carried out in the 
laboratories at Plymouth University prior to the students taking part in the practical in 
order to provide the students with the Rf value from the ransom note. The trial was also 
used to ensure the safety of the experiment and the reliability of the results to ensure the 
students would be able to attain useful data. Whilst these trials were conducted a video 
of the practical was also developed to demonstrate the results for the classes not taking 
part in the practical. No COSHH assessments were needed as the apparatus used for 
the experiment was non-hazardous. 
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Reagents and equipment 
The pens selected were a Pilot wytebord marker, a Tiger permanent marker and a stabilo 
point 88. Deionised water was used as a solvent and also to wash all glassware prior to 
use. The chromatography paper used was Whatman 100x300mm sheets catalogue 
number 3001-845. A thermometer was used to assess any change in temperature. 
 
Procedure 
A pencil line was drawn across the chromatography paper approximately 2.5 cm from the 
bottom of the paper. At equidistant intervals the 3 inks were dotted along the line using 5 
dots of ink on the same spot for each ink. The paper was the attached to a piece of dowel 
using a paper clip and measured up against the beaker in order to approximate the 
amount of solvent needed. The solvent was then poured into the beaker and the paper 
placed in the solvent so that the solvent touched the paper but did not touch the paper 
line. Care was taken to ensure the paper did not touch the sides of the beaker. Once the 
paper was in place a timer was started. The experiment was continued until the inks were 
not seen to separate further. The paper was then removed and left to dry before 
measurements for the Rf value calculations were made. 
 
The lesson 
Learning outcomes 
As the practical was determined by the school, the lesson was planned around the 
practical and using the OCR GCSE gateway science chemistry A specification(37).The 
learning outcomes for both the practical and non-practical lesson are outlined in table 3. 
 
Table 3: Learning outcomes for all lessons 
Learning outcomes 
Calculate R/F values 
Principle of chromatography separation 
Identify immiscible and miscible liquids 
Calculate mean 
 
Practical Lesson Trial 
The practical work was trialled at a Royal Society of Chemistry event. The event saw 6 
groups of 15 to 20 students partake in a 30min chromatography practical. During which 
they used the same pens as were used in the experiment practical and calculated Rf 
values. Due to the nature of the timetable the students were not able to wait for their 
chromatography paper to dry prior to calculating Rf values. The students were given a 
handout with some instructions and tables to fill out. Due to time constraints the students 
did not calculate the means of the Rf values. On average the practical took between 20-
25mins. 
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Lesson planning 
Prior to planning the lesson, the information necessary for the students to learn and the 
needs of the study were both considered (41).This was done in accordance with the 
integrated course design (41) and is demonstrated in figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
The lessons were both structured using the same initial PowerPoint slides with small 
adaptations for the practical and non-practical lesson. PowerPoint was selected as a 
learning tool for all classes as it has been shown to significantly benefit learners (42). 
During the course of both lessons, the students were given opportunities to ask and 
answer questions both in front of the class and also individually as they worked. 
Understanding was monitored using a short 10 question multiple choice test. The same 
test was used to assess their knowledge prior to engaging in the lesson. The learning 
objectives laid out in the table 3 were adhered to. The activities the students participated 
in were designed to challenge misconceptions and stimulate learning and questioning, 
during this process the questions also allowed the chance for participants to make 
mistakes (41). Throughout the lesson’s progression was monitored with a variety of 
activities including crosswords and calculations. 
 
Practical lesson 1 
At the beginning of the lesson the students completed a VARK test (23) and a knowledge 
test . The students all signed their consent and were informed their results would not be 
counted towards other work they were doing with the school. As many of the students 
Teaching and learning activities 
Power point 
Video or practical work 
Feedback and assessment 
Test students and allow them 
to have marked work back 
Situational Factors 
Number of students per class 
Ability of students 
Learning goals 
Principles of chromatography 
R/F value calculations 
 Figure 1: Flow chart of key concepts for lesson following the integrated course design 
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were concerned, they would not know the answers as they had not been taught the 
lesson, they were reassured that no prior knowledge was expected of them. Prior to the 
students carrying out the practical they were first given and overview of the concepts of 
chromatography before being shown a picture of the apparatus set up all via a power 
point. Initially the students were shown a slide demonstrating some uses of 
chromatography in order to generate interest before learning about the principles of its 
use as a separation technique via diagrams. To generate more interest in the subject the 
practical was presented in the form of a forensic problem (43).The students were asked 
to use chromatography and Rf values to deduce which pen ink was responsible for a 
ransom note. To give clarity to the experiment the students were shown two diagrams 
one of the appropriate ways to set up their chromatography paper and a second 
demonstrating all of the apparatus at their disposal. The students then carried out their 
experiment in groups of 2 or 3. Once the practical had been running for approx. 15 mins 
the practical was stopped, the paper was initialled by the students in pencil, hung to dry 
and the lesson cleared away. The students where then asked which pen, they thought 
was responsible for writing the note. A question which they were not yet able to answer. 
The majority of students wrongly deduced that the ink which moved the most was 
responsible for the note. This provided an opportunity for the students to question 
themselves on their understanding and a brief introduction on R/F values to be given 
prior to the start of the second lesson. 
Practical lesson 2 
At the beginning of lesson two the students were asked to collect their pieces of 
chromatography paper and shown a slide on how to calculate Rf values. The students 
were then given a handout of the tables they were required to fill out and shown a slide of 
the handout with an explanation of how to calculate the mean. The students first 
calculated their Rf values with supervision and the opportunity to ask for help. Once this 
was completed, they were asked to swap results with two other groups in order to 
calculate the mean.  
 
The students were then shown a slide revealing the Rf value of the ink responsible for the 
ransom note and asked which pen had the same value and was therefore responsible for 
the note. Once all the students had verified the correct pen responsible the importance of 
taking a mean and reliability of their results was discussed. An opportunity to ask 
questions was then given. The students all worked quickly and were engaged with the 
subject* and so had time to complete a crossword designed to help with revision of the 
subject. Finally, the students were asked to complete the same knowledge test they 
started the lesson with. This allowed for their understanding of the lesson to be 
monitored. 
 
* The top set students also had enough time to complete a work sheet on gas 
chromatography which was not relevant to their knowledge test. 
 
Non practical lesson 
The students completed the same tests as in the practical lesson 1.(38) The students 
worked through essentially the same power point as used for the practical, but rather 
than completing the practical they were shown a video recorded in the University of 
Plymouth Laboratories using the same pen inks. After watching the video, the students 
were asked which pen was responsible for writing the note and again the majority 
The Plymouth Student Scientist, 2019, 12, (1), 305-344 
 
316 
 
answered incorrectly that the pen which moved the most must be responsible. This 
presented an opportunity for a conversation about Rf values. They were then shown a 
slide recapping the information that was available before moving onto the slide on 
calculating Rf values. The students were then shown a slide including tables with values 
for the Rf calculations already included as they had non data due to not completing the 
practical. The table on the slide were given out to each student as a handout and the 
students then did the necessary calculations. The Rf value of the pen responsible for the 
note was again revealed and the students asked to identify which pen was responsible 
for the note. Once the class had correctly identified the pen responsible the students 
completed, he same crossword as the practical group before re-taking the knowledge 
test. 
 
Final test 
To assess the students’ retention of information all the students re-took the same 
knowledge test after 19 weeks. The long delay on the completion of the final test was due 
to complications with timetabling at the school due to staff illness and is discussed later 
 
Results, Statistical analysis and Interpretation 
 
Results 
Once all the teaching sessions, pre, post, retention tests and the VARK tests were 
completed the tests were marked. Each student was allocated identifiers in order to 
retain anonymity. The identifier was applied to all their results for each test and the name 
removed. This allowed for the individual results of the student to be grouped together. 
Students that did not complete all of the tests due to absence were removed from the 
results. This section comprises of a “statistical overview” and “Analysis and interpretation 
of results”. The data generated by this study is analysed both graphically and with the 
use of t-tests. 
 
Statistical overview 
Once all the teaching sessions, pre, post, retention tests and the VARK tests were 
completed the tests were marked. Each student was allocated identifiers in order to 
retain anonymity. The identifier was applied to all their results for each test and the name 
removed. This allowed for the individual results of the student to be grouped together. 
Students that did not complete all of the tests due to absence were removed from the 
results.  
The sample sizes were not consistent across the experiment as the students in the low 
ability groups had smaller class sizes. The majority of the analysis was performed using 
the t-test in order to determine whether two sets of data are different from one another. 
There are a variety of t-tests available, but the focus of this study was on the paired t-test 
(44)when comparing tests from the same class as the sample sizes were equal and the 
independent t-test(44) when comparing results from separate classes which were 
therefore of different sample size. 
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For all statistical analysis SPSS software was used. The software uses Levene’s test 
(45)to analyse the variance of the absolute deviation scores of the groups. For equal 
variance the spread of the data from the average value must be similar. A value for the 
Levene test over 0.05 confirms equal variance. Two sets of data are provided by the 
software and the results of the Levene test used to determine whether equal variance 
was found and as a result the relevant data was selected. For all of the results in this 
study the Levene test results were above 0.05 which indicated that the compared data 
was of equal variance. The Levene’s test results have been included in the relevant 
tables as part of the results. For the t-tests a P value was generated using SPSS 
software. The P value is a significance level which indicates how likely the sample result 
is if the population means are equal. If the P value was below 0.05, the results were 
deemed statistically different. If the P value was above 0.05 than the results were 
considered not statistically different (46). All statistical tests were completed with 95% 
confidence unless otherwise stated. In order to clarify how the software was used an 
unaltered annotated example output has been included in figure 2. Not all the data 
contained in the output was necessary and the study focuses on the highlighted values 
for the Levene’s test and the t-test p-values. 
 
Independent Samples Test 
 
Levene's Test 
for Equality of 
Variances 
t-test for Equality of Means 
F Sig. t df Sig. 
(2-
tailed) 
Mean 
Difference 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pre-
test 
results 
Equal 
variances 
assumed 
.003 .956 -1.100 40 .278 -.61905 .56263 -1.75617 .51807 
Equal 
variances 
not 
assumed 
  
-1.100 39.86 
 
.278 -.61905 .56263 -1.75628 .51819 
 
 
 
 
 
 
 
 
Figure 2: Example of SPSS output for the comparison of post-test results between top set 
students who participated in a practical lesson and top set students who participated in a non-
practical lesson 
 
This is the p-value for the Levene’s 
test. As it is above 0.05 equal 
variance is assumed and therefore 
only the data highlighted in red is 
applicable 
This is the p-value for the t-test 
which is above 0.05 indicating 
that the data is not statistically 
significantly different 
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The relative standard deviation (RSD) of the results was included in the relevant tables. 
RSD is a standardized measure of dispersion of a probability distribution or frequency 
distribution. The larger the value the greater the dispersion of the data. A small value 
indicates high precision. The equation for the calculation of the RSD can be seen below 
in equation 2. 
Equation 2 
𝑅𝑆𝐷 =  𝜎 ÷ 𝜇 × 100 
Where σ = the standard deviation (stdev) 
 μ = the mean 
Standard deviation is often used within chemistry research to identify and remove any 
outliers. This is calculated by multiplying the standard deviation by 3 and then any values 
which are the mean +/- 3 stdev are removed (47). The results of this study produced no 
outliers due to the large standard deviations (which coincidently the presence of outliers 
will increase). However, if outliers were present they would not have been removed as 
the study is post-positivist and therefore critical realism (table 1) must be used to 
conclude that any students which may appear as outliers are still relevant as people are 
individuals capable of reacting to the same stimuli and producing a variety of different 
results. 
 
Analysis of results 
Comparison of the results from the learning of top set ability students taught 
practically or non-practically 
The mean data for the practical lesson was 4.67 and for the non-practical lesson 5.29 
(out of a possible 10) shown in table 4. This suggests that the ability of both groups is 
similar, however further statistical analysis is shown below in table 5 proving this to be 
the case. The RSD for the practical and non-practical lesson is shown as 37.9% and 
35.5% respectively in table 4. Both values are quite high however it is to be expected 
with a study; as the study is a post-positivist, social science model all the data is 
considered valuable and as such outliers have not been excluded as students by their 
nature are individuals and will not perform differently for a variety of reasons due to many 
external circumstances which are outlined later. 
Table 4: mean comparison between 9L1 and 9L2 pre-test results 
 
Lesson type 
 
Number of 
students 
 
Mean score 
 
stdev 
 
RSD (%) 
Practical 21 4.67 1.77012 37.9 
Non-Practical 21 5.29 1.87464 35.5 
 
To analysis the data for significant statistical differences SPSS was used to generate the 
data shown in table 5. Equal variance was assumed due to the value of 0.956 for the 
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Levene test being greater than 0.05 for the pre-test results. The P value shown for the 
pre-test results was 0.278 which is above 0.05 suggests there is no statistical difference 
in the knowledge and understanding of the subject between classes 9L1 and 9L2 prior to 
under taking the lesson. This result allows for the post- test and VARK tests of the top set 
practical and non-practical groups to be compared as prior to starting the lesson their 
knowledge of the subject was statistically the same. 
 
Table 5: Independent t-test results for comparison of means between 9L1 and 9L2 pre, post and 
retention test results. 
Test Pairing Levene's Test for 
Equality of 
Variances 
Significance 
level (P) 
Statistically 
significant 
difference? 
Pre-test 9L1-9L2 0.956 0.278 No 
Post-test 0.102 0.501 No 
Retention 0.602 0.464 No 
 
The mean data for the post-test results in table 6 shows 9L1 to have a mean 8.44 and 
9L2 a mean of 8.71 out of 10. This suggests that the understanding of the lesson content 
in both groups is similar. Levene’s test for the post-test results (table 5) shows a value of 
0.102 which is above 0.05 and therefore the variances can be considered equal as the 
variances are equal the relevant value for P was 0.501 which is greater than 0.5 
indicating no significantly different data. This data therefore suggests that there is no 
statistically significant difference between the mean scores of class 9L1 (practical lesson) 
and 9L2 (non-practical lesson). The relative standard deviation (table 6) was much 
smaller for both lesson styles in the post-test results suggesting less spread on the data 
and therefore suggesting most of the student’s results were close to the mean. This was 
not seen to be the case earlier with the pre-test results in table 4. 
Table 6: Mean Comparison between 9L1 and 9L2 post-test results 
Lesson Type Number of 
students 
Mean stdev RSD (%) 
Practical 16 8.44 1.36473 16.2 
Non-Practical 21 8.71 1.00712 11.6 
 
The final test the students underwent was a retention of information test to see how the 
learning style affected their long-term retention of information. Table 7 shows the mean 
for the practical group is 6.6 out of 10 for the practical group and 7.14 out of 10 for the 
non-practical. This suggests that the non- practical group retained a similar amount of 
information as the practical group the possible reasons for this are discussed in “Which 
lesson style is best?”. In table 7 The RSD is seen to be 24.8% and 40.2% for the 
practical and non-practical retention test results respectively. This has increased from the 
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results of the post-test and for the non-practical lesson it is greater than the pre-test. 
Suggesting a wide variety of results for the retention of information when a non-practical 
lesson style is adopted. 
To assess whether this is an accurate statement an independent t-test was again 
performed on the data and the results shown in table 6. The P value for the retention test 
results in table 6 was 0.464 which is greater than 0.05, therefore there is no significant 
difference between the retention of information of the students with regards to the two 
lesson styles. This result is discussed further in “The effects of lesson style”. 
 
 
Table 7: t-test comparison between 9L1 and 9L2 retention test results 
Lesson Type Number of 
students 
Mean stdev RSD (%) 
Practical 20 6.60 1.63514 24.8 
Non-practical 21 7.14 2.86855 40.2 
 
 
The means of the pre-test results are lower than the retention test results so a paired t-
test was done to see if the students had retained any more knowledge than they had 
prior to the lesson. The results are shown in table 8. 
 
 
Table 8: paired t-test results for the comparison between pre-test and retention results for both 
9L1 and 9L2 
Lesson Type Pairing stdev Significance 
level (P) 
Statistically 
significant 
difference? 
Practical Pre-test - 
retention 
1.69442 0.000 Yes 
Non-practical Pre-test -
retention 
3.33188 0.002 Yes 
 
 
Both the practical lesson and the non-practical lesson show P values below 0.05 for the 
comparison of the test score from the pre-test and the retention test, therefore it can be 
inferred that there is a statistically difference in the knowledge the students had before 
they participated in the lesson and at the time of undertaking the retention test. This is 
discussed further in “The effects of lesson style”. 
 
Figure 3 shows a graphical representation of these means. It can be seen that there is 
very little difference in mean scores between the two lesson styles and although the non-
The Plymouth Student Scientist, 2019, 12, (1), 305-344 
 
321 
 
practical group appear to do best overall as they also scored better on the pre-test it is 
possible that they already have some understanding of the subject prior to taking part in 
the lesson. Although any advantage the non-practical group had was not found to be 
statistically significant (table 10). 
 
 
 
Figure 3: Bar chart comparing mean data from the pre, post and retention tests for 9L1 and 9L2 
 
Rationalising top set discrepancies using VARK learning styles 
VARK results for top set practical 
By comparing the pre and post-test scores of 9L1 (figure 4) it can be seen that students 
11 and 22 appeared to gain no understanding from the lesson as they have a lower score 
than prior to engaging with the practical lesson. As this is a top set the students are all 
assumed to be of a similar ability. 
A possible explanation for this lack of understanding is that the lesson style was not 
comparable to their learning style. This is discussed further in “The compatibility of 
learning and lesson styles”. All the students also undertook a VARK test to assess how 
they learnt best and the results for students 11, 22 and 23 (figure 5). 
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Figure 4: Scatter graph showing a comparison of 9L1 pre and post-tests scores 
The graph (figure 5) shows the VARK tests results from students 11, 22, and 23. 
Students 11 and 22 both did poorly in the post-test whereas student 23 has been 
displayed for comparison as this student showed the greatest improvement from their 
pre-test to post-test scores as shown in figure 4. All three students picked different 
learning styles for different situations laid out in the VARK test. From the results it can be 
seen that student 11 preferred aural and kinaesthetic learning, student 22 strongly 
favoured kinaesthetic learning and student 23 had a slight preference for reading as a 
learning style although they rate all the other learning style highly and of a similar value 
to their learning. From these results it would be expected that student 22 would learn 
best from the practical lesson style. However, in spite of favouring the kinaesthetic 
method of learning both students 11 and 22 did not appear to learn from the lesson as 
their marks decreased. Whereas student 23 achieved full marks after the lesson despite 
having very little understanding at the start and favouring a learning style least suited to 
practical work.  Possible reasons for this result are discussed in “The compatibility of 
learning and lesson styles”. 
VARK results for top set non-practical 
Unlike the results for the practical lesson every student who participated in the non-
practical lesson from top set achieved some improvement between their pre-test and 
post-test scores. The lowest post-test score was from student 4 shown below in figure 6. 
The largest improvement was seen by students 5 and 24. 
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Figure 5: Bar chart showing VARK results for students 11, 22 and 23 in class 9L1 
 
 
 
Figure 6: Scatter graph showing a comparison of 9L2 pre and post-test scores 
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The VARK test results of students 4, 5 and 24 have been compared in figure 7.  
 
Figure 7: Bar chart showing VARK results for students 4, 5 and 24 in class 9L2 
 
Student 4 favours a reading and visual learning style, which should be most suitable to a 
non-practical lesson, however they were seen to make the least improvement. Students 
5 and 24 saw the most improvement but have different learning styles; student 5 appears 
to prefer visual and aural learning whereas student 24 prefers a kinaesthetic learning 
style above all others. From the VARK results it would be expected that student 4 would 
fair significantly better than student 24 however the opposite is true in this example. 
Student 24 and student 5 did improve the same amount, but student 24 attained full 
marks (10/10) in the post-test.  
 
Comparison of the results from the learning of bottom set ability students taught 
practically or non-practically 
The mean score for the bottom sets practical group (9R5) was 3.20 and the mean for the 
non-practical group (9R6) was slightly lower at 3.00, shown in table 9. This suggests that 
the ability of both groups is similar, however further statistical analysis (table 9) proved 
this to be the case. The relative standard deviation (RSD) for the practical and non-
practical lesson is shown as 50.4 % and 28.9% respectively below in table 9. As with the 
RSD for the top set pre-test the RSD values for bottom set are high for both lesson types 
although the RSD of the practical lesson pre-test is particularly high a 50.4%. As 
mentioned previously large RSD values are to be expected due to the nature of the 
study. 
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Table 9: mean comparison between 9R5 and 9R6 pre-test results 
Lesson type Number of 
students 
Mean stdev RSD 
(%) 
Practical 15 3.20 1.61245 50.4 
Non-practical 7 3.00 0.86603 28.9 
 
From the data shown in table 10 equal variance is assumed due to the value of 0.195 
being greater than 0.05 for the pre-test results. The P value of 0.736 is above 0.05 which 
suggest there is no statistical difference in the knowledge and understanding of  
the subject between classes 9R6 and 9R5 prior to under taking the lesson. 
 
Table 10: Independent t-test results for comparison of means between 9R5 and 9R6 pre, post 
and retention test results. 
Test Pairing Levene's Test for 
Equality of 
Variances 
Significance 
level 
(P) 
Statistically 
significant 
difference? 
Pre-test  
9R5-9R6 
0.195 0.736 No 
Post-test 0.216 0.002 Yes 
Retention 0.769 0.605 No 
 
The mean score for the post-test results shows 9R5 to have a mean score of 6.29 and 
9R6 a mean of 3.7 out of 10 (table 11). This suggests that the understanding of the 
lesson content in both groups is different. Further statistical analysis is shown below in 
table 12 proving this to be the case. The relative standard deviation for the post-test 
results (practical 23.7% and non-practical 55.6%) are seen to be nearly the reverse of 
those from the pre-test (practical 50.4% and non-practical 25.9%). This indicates that the 
practical lesson style group saw a much smaller spread of data as well as a higher mean 
score for the post-test result whereas the non-practical lesson saw a higher mean score 
for the post-test result, but also a larger spread of data than in their pre-test results. 
 
Table 11: Mean comparison between 9R5 and 9R6 post-test results 
Lesson type Number of 
students 
Mean stdev RSD (%) 
Practical 15 6.29 1.490 23.7 
Non-practical 7 3.70 2.058 55.6 
 
For the post-test results table 10 shows a Levene’s test value of 0.216 which is above 
0.05 and therefore the variances can be considered equal as the variances are equal the 
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relevant value for P is 0.002 this is less than 0.5 indicating significantly different data. 
This data therefore suggests that there is a statistically significant difference between the 
mean scores of class 9R5 (practical lesson) and 9R6 (non-practical lesson) for the post-
test. As the mean score achieved by the 9R5 students was greater at 6.29 than 3.70 
scored by 9R6 it can be inferred that the practical lesson style improved the test scores 
of the students as prior to beginning the lesson the abilities of both classes (9R5 and 
9R6) were found to be statistically the same as shown previously in table 10. This is 
discussed further in “Which lesson style is best?”. 
 
The final test the students underwent was a retention of information test to see how the 
learning style affected their long-term retention of information. Table 12 shows the mean 
for the practical group is 3.09 out of 10 for the practical group and 3.57 out of 10 for the 
non-practical. This suggests that the non- practical group retained more information than 
the practical group. In table 12 the RSD’s for both practical and non-practical lesson 
styles once again show a large spread of data with values of 62.2% and 50.8% 
respectively. 
 
Table 12: mean comparison between 9R5 and 9R6 retention test results 
Lesson type Number of 
students 
Mean stdev RSD (%) 
Practical 15 3.09 1.92117 62.2 
Non-practical 7 3.57 1.81265 50.8 
 
To assess whether this is an accurate statement an independent t-test was performed on 
the data and table 10 shows that there is no significant difference between the retention 
of information between the two lesson styles on the classis’s retention of information as 
the P value of 0.605 is greater than 0.05. The means are also similar to those of the pre-
test results so a paired t-test was done to see if the students had retained any more 
knowledge than they had prior to the lesson. The results are shown in table 13. 
 
Table 13: paired t-test results for the comparison between pre-test and retention results for both 
the practical lesson and the non-practical lesson 
Lesson type Pairing stdev Significance 
level (P) 
Statistically 
significant 
difference? 
Practical Pre – retention 
test 
1.60128 0.502 No 
Non-practical 1.90238 0.457 No 
 
Both the practical lesson and the non-practical lesson show P values above 0.05 (table 
13), therefore in can be inferred that there is no statistically difference in the knowledge 
the students had before they participated in the lesson and at the time of undertaking the 
retention test. This is discussed further in “The effects of lesson style”. 
 
The Plymouth Student Scientist, 2019, 12, (1), 305-344 
 
327 
 
Figure 8 shows a graphical representation of the mean score for the pre, post and 
retention test completed by bottom set both practical and non-practical. It can be seen 
that there is very little difference in mean scores between the two lesson styles prior to 
beginning the lesson (pre-test). Whereas the results of the post-test show a much higher 
mean for the practical group indicating better understanding at the end of the lesson.  
 
 
 
Figure 8: Bar chart comparing mean data from the pre, post and retention tests for 9R5 and 9R6 
 
 
Rationalising bottom set discrepancies using VARK learning styles 
VARK results for bottom set practical 
Figure 9 is a scatter graph which matches the pre and post-test scores of the individual 
students from the bottom set practical group together. 
The graph (figure 9) shows that student 11 appeared to gain no understanding from the 
lesson as they have a lower score than prior to engaging with the practical lesson. To 
assess if this is due to their learning style not being suitable for the type of lesson their 
VARK score was assessed along with the VARK scores of two students who improved 
the most out of the group. For interest students 2 and 13 were selected as both improved 
the same amount (by 4 marks) but had different levels of understanding (student 2 had a 
final score of 5, student 13 a score of 8). The VARK questionnaire results for students 11, 
2 and 13 can be seen in figure 10. 
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Figure 9: Scatter graph showing a comparison of 9R5 pre and post-test scores 
 
 
 
Figure 10: Bar chart showing VARK results for students 11, 2, 13 in class 9R5 
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The graph (figure 10) shows student 11 had the least understanding of the lesson 
content, but appears to have a preference for visual and kinaesthetic learning which 
would suggest that the practical lesson would be his preferred lesson style. Students 2 
and 13 are two students that demonstrated the highest increase in understanding after 
the lesson (although there were other students how increased by the same amount). The 
VARK results for students 2 and 13 both show a preference for aural learning which 
should not have been and advantage to them during the practical lesson structure. This 
is discussed further in “The compatibility of learning and lesson styles”. 
 
VARK results for bottom set non-practical 
Figure 11 is a scatter graph comparing the pre and post-test result of the bottom set non-
practical group. 
 
 
Figure 11: Scatter graph showing a comparison of 9R6 pre and post-test scores 
 
The graph in figure 11 shows that for students 2 and 7 show the same mark was attained 
in both tests and therefore no improvement was made. Students 9 and 10 both appear to 
have less understanding after the lesson. The largest improvement was made by student 
Student number 
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5 and the highest mark was from student 4. In figure 12 students 4, 5, 9 and 10 VARK 
results were compared, as their results show the largest contrast. 
 
 
Figure 12: Bar chart showing VARK results for students 4, 5, 9, and 10 in class 9R6 
 
Figure 12 shows that students 9 and 10 were strongly kinaesthetic learners and in this 
respect the non-practical lesson style should not have suited their learning style the least. 
Students 4 and 5 score kinaesthetic learning as the least helpful method for themselves 
which indicates that the non-practical lesson style is most beneficial for their learning. 
Student 5 was considered by the teaching staff to be the least able due to suffering from 
severe autism. 
 
Comparison of class average VARK scores 
Figure 13 shows the average VARK score of each class. The score for each learning varies 
considerably as students were allowed to choose multiple answers to questions. Therefore, 
displaying the information this way does not provide the clearest picture. 
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Figure 13: Bar chart of mean VARK learning style score for each class 
 
To make better use of this data the ratios of the VARK scores from the class averages 
have been compared below in figure 14. The ratios were calculated by taking the smallest 
value for each class and dividing the VARK class results by this number the data for this is 
shown in table 14 
 
Table 14: The mean VARK score for each class and the calculated ratio used to plot the graph 
shown in figure 14 
 
The bar chart (figure 14) shows that all the classes appear to prefer a kinaesthetic form of 
learning, but the strength of this preference is seen to vary with the ability of the class. The 
result for the two top sets (9L1 and 9L2) show fairly similar results for all the learning styles 
indicate that they are comfortable learning information across all the learning styles and 
therefore can be considered to be multi-modal learners. 
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Figure 14: Bar chart of VARK learning style ratio for each class 
 
The two bottom sets (9R5 and 9R6) both show less variety in their learning style 
preference with visual and reading learning style appearing the least popular of learning 
styles. This is discussed further in “The effects of learning styles”. 
 
Comparison of post-test score with relation to lesson and learning style 
compatibility 
For the two different lesson types two different learning styles were preferable. Students 
participating in the practical lesson with either a visual or kinaesthetic approach to 
learning should learn better than those with an aural or reading learning style and vice 
versa for the non-practical group. To investigate this, students who were predominately 
either visual or kinaesthetic learners were grouped together and students who favoured 
aural or reading learning styles were also grouped together. An independent t-test was 
then performed. Table 15 shows the results from 9L1 the top set practical group. 
 
Table 15: Mean post-test results comparison between visual/Kinaesthetic and Aural/ reading 
learning style for 9L1 
Learning style Lesson 
type 
Number of 
students 
Mean stdev RSD 
(%) 
Visual/kinaesthetic Practical 10 8.10 1.37032 16.95 
Aural/ reading 11 8.72 1.27208 14.59 
 
 
The mean test score for both groupings of the learning style appears to be similar seen at 
8.10 for visual/kinaesthetic learners and 8.72 for Aural/reading learners (table 15). The 
results for the Aural/reading learners is higher than that for the visual/kinaesthetic 
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learners which is not the expected result as the lesson style should have been more 
beneficial to kinaesthetic/visual learners (discussed further in “The effects of learning 
styles”). This test was repeated for the top set non-practical group and the results can be 
seen in table 16. 
 
 
Table 16: Mean post-test results comparison between visual/Kinaesthetic and Aural/ reading 
learning styles for 9L2 
Learning style Lesson 
type 
Number of 
students 
Mean stdev RSD 
(%) 
Visual/kinaesthetic Non-
practical 
18 8.89 0.90025 10.13 
Aural/ reading 9 8.56 1.01379 11.84 
 
 
Table 16 shows the reverse of table 15 with the mean score being slightly higher for the 
visual/kinaesthetic students being slightly higher at 8.89, this again goes against the 
expected result. To see if the results for the mean scores seen in both table 15 and 16 
were statistically different an independent t-test was performed with the results shown in 
table 17. 
 
Table 17: Independent t-test results for the comparison between visual/Kinaesthetic and Aural/ 
reading post-test results for top set practical group and non-practical group 
Lesson style Pairing stdev Significance 
level (P) 
Statistically 
significant 
difference? 
Practical Visual/kinaesthetic- 
Aural/ reading 
0.57654 0.290 No 
Non-practical 0.38297 0.392 No 
 
 
For both the practical and non-practical top set lesson the p-value was seen to be greater 
than 0.05 (0.2690 for the practical and 0.392 for the non-practical). This suggest there was 
no statistically significant difference between the test scores for either lesson type with 
regards to learner style. Indicating that there was no statistically significant difference 
between the post-test scores based on the compatibility between the students learning 
style and the lesson style (further discussion in 4.5) 
 
The same analysis of results was carried out for the bottom set students. The results for 
the mean post-test score comparison between visual/Kinaesthetic and Aural/ reading 
learning style for the top set practical group can be seen in table 18. 
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Table 18: Mean comparison between visual/Kinaesthetic and Aural/ reading post-test results for 
top set practical group 
Learning style 
 
Lesson 
type 
Number of 
students 
Mean stdev RSD 
(%) 
Visual/kinaesthetic Practical 6 6.50 1.76068 27.08 
Aural/ reading 5 5.80 1.30384 22.48 
 
The mean results in table 18 show that the students with Visual or kinaesthetic learning 
style achieved a higher mean sore of 6.50 whereas students with an aural or reading 
learning style scored slightly less with a mean of 5.80.  
This test was replicated below in table 18 for the bottom set non- practical lesson. 
 
Table 19: Mean comparison between visual/Kinaesthetic and Aural/ reading post-test results for 
bottom set practical group 
Learning style Lesson 
type 
Number of 
students 
Mean Std. 
Deviation 
RSD 
(%) 
Visual/kinaesthetic Non-
practical 
6 3.00 1.78885 59.6 
Aural/ reading 3 5.00 2.64575 52.9 
 
 
The results for the bottom set non-practical group shown in table 19 show that the means 
appear to be very different with the visual and kinaesthetic students scoring very poorly 
(3.00) compared to the Aural and reading students (5.00). This was the expected result 
as the lesson style was more accessible to Aural and reading learners. The statistical 
significance of this was assessed in table 20 and no statistically significant difference was 
found. Indicating that again there was no statistically significant difference between the 
post-test scores based on the compatibility between the students learning style and the 
lesson style. 
 
Table 20: Independent t-test results for the comparison between visual/Kinaesthetic and Aural/ 
reading post-test results for bottom set practical group and non-practical group 
Lesson type Pairing Std. 
Deviation 
Significance 
level (P) 
Statistically 
significant 
difference? 
Practical Visual/kinaesthetic- 
Aural/ reading 
0.95316 0.481 No 
Non-practical 1.46385 0.214 No 
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Discussion 
This study aims to use the results previously discussed addressing key points relative to 
the study. Before discussing these points, the key hypothesis investigated are outlined 
below. The interesting areas of the study were selected as “The effects of lesson style”, 
“Which lesson style is best?”, “The effects of learning styles” and “The compatibility of 
learning and lesson styles”. 
 
Hypotheses 
This study investigated three hypotheses (table 21), the null hypotheses were accepted 
or rejected as a result of the t-tests. If H1 = H0 the null hypothesis was accepted and the 
hypothesis rejected, If H1 ≠ H0 the null hypothesis was rejected and the alternative 
hypothesis (H1) accepted.  
 
Table 21: The null hypotheses investigated in this study and whether they were excepted or 
rejected 
 Null Hypotheses (H0) Top set  Bottom set 
1 There was no significant difference between the students’ 
knowledge for either non-practical lessons or practical 
lessons prior to the lesson 
H1 = H0   H1 = H0   
2 There was no significant difference in the information 
learnt between non-practical lessons and practical lessons 
H1 = H0 H1 ≠ H0 
2 There was no significant difference between the retention 
of new information from either non-practical lessons or 
practical lessons 
 
H1 = H0 H1 = H0 
 
As null hypothesis 1 was accepted this allows for the results of the same ability students 
in either the practical or non-practical groups to be compared as they are statistically the 
same for both top and bottom set. For the bottom set hypothesis 2 the alternative 
hypothesis was accepted as there was a significant difference in the information learnt 
between non-practical lessons and practical lessons 
 
The effects of lesson style 
On learning information 
The results of the t-tests (table 10) show us that for students of high ability (9L1 and 9L2) 
the lesson type had very little effect on their learning and retention of information. This 
was demonstrated as both the practical group (9L1) and the non-practical group (9L2) 
showed levels of improvement which were statistically the similar for both the post lesson 
and retention tests. 
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The t-tests for students of low ability (table 15, 9R5 and 9R6) show that lesson style had 
an effect on their learning as the levels of improvement seen in the post-test results were 
proven to be statistically significantly different. As the results for the students participating 
in the practical lesson style (9R5) were higher it can be inferred that the lower ability 
students learn better practically. A possible explanation for this is that practical work is 
known to enhance motivation. The increase of motivation is likely to be minimal in a class 
that is already highly motivated, therefore the practical lesson benefited the top students 
the least in this respect as the students are already considered highly motivated. The 
improvement seen in the bottom set as a result of the practical work could be due to a 
large increase in motivation.(48) 
 
On retention of information 
For all the students (both top and bottom set) none results for the retention of information 
were found to be significantly different as a result of the lesson style (tables 10 and 15). 
Therefore, this study suggests that the lesson style (either practical or non-practical) has 
no effect on the retention of information. These results appear counter intuitive as if the 
students learnt the information better practically as was the case for bottom set then it 
would be expected that they would also retain the information better. There are a number 
of explanations for this result. Firstly, due to complications with the school the time 
between the final lesson and the retention test was 19 weeks. This length of time without 
any revision is probably too long as without revision most students will have forgotten the 
majority of the lesson content within 15 minutes of leaving the lesson (49) . However, the 
top set classes did see some improvement when their mean pre-test results were 
compared to their mean post-test results (table 10). There was also a difference in the 
way this test was carried out. Rather than having the same teacher who carried out all 
the other tests this test (due to the constraints of the school) was carried out by four 
different teachers who would all have given different introductions to the test and 
expressed different levels of its importance. Teachers have a great effect on the success 
of a lesson and can account for up to 30% of the variance of student achievement (50)  
Finally, the school also choose to change the format of the test by printing it in a much 
smaller format which may have affected some of the student’s ability as size of font can 
affect the perception of how difficult a test maybe (51). Due to all of these external factors 
it is likely that the results are not as reliable as those for the post-test. 
 
Which lesson style is best? 
The results of the study show that while top set ability classes can improve without 
practical work the use of practical work is beneficial to bottom set ability students (tables 
10 and 15). It is also worth mentioning that at no point throughout the study did practical 
work provide statistically significant lower test scores.  
 
A study by Jerome Thompson & Kola Soyibon(52) investigated,  “whether the use of the 
combination of lecture, teacher demonstrations, class discussion and student practical 
work in small groups significantly improved the experimental subjects’ attitudes to 
chemistry and understanding of electrolysis more than their control group counterparts 
who were not exposed to practical work”. 
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The study concluded that this experimental teaching method was significantly more 
successful than the control group and therefore validates the results seen by the bottom 
set (9R5 and 9R6) where the practical lesson produced statistically higher test results. 
The students in the Thompson investigation participated in a pre and post-lesson tests 
similar to the method used in this study. However, the Thompson study doesn’t stipulate 
the general ability of the students it selected. A possible reason for the result provided for 
the top set students in this study is that they are of a higher academic ability than the 
students in the Thompson study and therefore practical work has less of an impact on 
their learning as they have already adapted to learn in a number of different styles 
(multimodal learners). 
 
A large proportion of work on education in science suggests that students learn best by 
“doing” (48). However through the results of this experiment it can be seen that a more 
accurate statement is that “ some students learn best by doing” and as practical work is 
time consuming to ensure all learners reach their full potential a more pragmatic 
approach to the use of practical lesson should be adopted so as students who learn best 
this way have the majority of their lessons practical based , but for those who show no 
preference practical’s are only necessary when learning a specific practical skill (e.g. a 
titration) and not as a method of teaching theory. An explanation into the shortcomings of 
practical work has been given by Dearden who stated, 
 “a teaching method which genuinely leaves things open for discovery also necessarily 
leaves open the opportunity for not discovering them” (53). 
 
This statement goes some way to explain why different studies produce different findings 
on the benefits of practical work and suggests that the most important factor is possibly 
the teacher and the way the lesson is structured. 
 
The effects of learning Style 
The results of the VARK questionnaire show that the majority of learners have a 
preference for learning kinaesthetically regardless of ability as shown in figure 14. This is 
in line with the findings for  first year medical students for which a kinaesthetic learning 
style was the most prevalent in uni-modal learners (54) (those which have a strong single 
preference of learning style)The area in which learning style differs between the high 
ability students and low ability students is in the difference between how strongly a 
learning style is favoured. Although students in the top set did marginally prefer 
kinaesthetic learning, they also exhibited similar competence with all the available 
learning style whereas low ability students’ results suggested that other methods of 
learning were not as useful to them. This suggests that top set students have the 
advantage of being able to utilise a larger range of learning styles and is a possible 
reason for there being no significant statistical difference between the results of the post-
test results for the practical and non-practical lessons. Whereas for the bottom set were 
less capable at using other learning styles and therefore practical learning was 
statistically significantly more beneficial. 
 
The compatibility of learning style and lesson style. 
The learning styles most suited to a practical lesson were visual and kinaesthetic(55), the 
post-test results for students favouring these learning styles were compared to the post-
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test results of students favouring aural and reading learning styles, which should be more 
beneficial to non-practical work. 
The results in tables 18, 19 and 20 show that for top set ability groups there was no 
significant difference in post-test score for either lesson style regardless of whether or not 
the students preferred learning style was compatible. These results suggest that the 
reason for students 11 and 12 performing poorly was not as a result of their learning style 
being incompatible with the lesson style. It is possible that an external factor is 
responsible for these results. Tables 21, 22 and 23 show the same to be true for the 
bottom set. This result opposes the work done by Peacock which suggested that 
mismatching teaching and learning style affected learning(56). Peacock’s work was 
based on the opinions of students and teachers via interviews and therefore is not 
necessarily reliable as students who performed badly could possibly infer this as a fault 
of the teaching rather than a lack of personal application. 
Another reason the results may be inconclusive is that the VARK method is extremely 
hard to validate, Dr Svinicki stated that, “We found that VARK was hard to validate 
statistically, including with several modifications we tried and several statistical strategies 
such as multidimensional scaling. We just couldn't get a good fit with the data. This does 
not mean that the instrument itself is not valid or desirable, but it shouldn't be used in 
research; that is not its strength”(57). 
 
For these tests the favoured learning styles were assigned as the learning style selected 
most often by the student. In the raw data it can be seen that the majority of students 
selected answers for all the available learning styles the only difference being the amount 
of times a learning style was selected by an individual. This indicates that to view a 
student as only having one learning style is probably inaccurate as the majority tend to 
display a multimodal approach ( in a separate study 63.9% of students were found to be 
multimodal learners with only 36.1% having one specific learning style (58)) and 
therefore are able to use their less favoured skills to a similar level of effectiveness. This 
may explain why no significant difference was found. 
 
Limitations 
Due to the nature of the study there are many limitations and therefore it was necessary 
to discuss the relevant points in the following sections “External factors” and “The study”. 
 
External factors 
The individuals 
Due to the nature of this study which uses students there are a wide number of external 
factors which may influence the results. Firstly, the individual students will have a wide 
variation of home lives which can affect learning (59, 60). Their home environments may 
be a positive place where learning is encouraged, but could equally be a place which 
causes them stress and inhibits their ability learn. Other external factors related to the 
individuals that have been proven to affect learning include diet, exercise and sleeping 
patterns. There is also a possibility that some students may revisit the lesson work 
whereas other students will not. The student’s overall classroom skills were also likely to 
influence the results as although the lesson was focused on chemistry, students with a 
low reading ability may have found this hampered their learning experience due to the 
written test(61). As a result, students with a good scientific understanding may have not 
been able to gain a test score representative of their ability as all of these factors are 
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external, they are difficult to control and for the purposes of this study (due to its causal 
nature) no attempt to do this was made. Hodson stated, 
“Each student’s array of formal (academic) knowledge and informal (everyday) 
knowledge, compounded by highly personal experiential and affective elements—what 
we might call their personal framework of understanding will, in part, have been 
accumulated under a range of different circumstances, often under different stimuli and 
sometimes for different purposes” (48) 
 
Classes and lesson style 
The classes used were as grouped by the school, this meant that all the class sizes were 
different with 9R6 and 9R5 being considerably smaller than 9L1 and 9L2. This was due 
to 9R6 and 5 having more learning needs and as well as the class size affecting the 
learning of the students some students also had access to a teaching assistant. All these 
measures are done specifically to help the lower ability students learn so it is likely to 
have also affected the results of this study. 
 
The time the students had to learn the lesson content also varied from practical to non-
practical lesson as due to the nature of practical work time had to be allocated for this to 
be carried out and as a result students participating in the practical work had double the 
amount of lesson time when compared to the non-practical lessons. Students of different 
abilities require different amounts (62) of time to process and learn the same information 
it is possible that the improvement seen by 9R5 is directly related to the amount of time 
spent on the subject. Equally the lack of improvement for 9L1 could be due to the 
students not needing the extra time the practical provided them. 
 
The teacher 
A large number of studies have highlighted the teacher as being a key component in a 
successful practical lesson and stress that ineffective portrayal of scientific ideas due to 
poor teaching can often lead to students receiving no benefit from practical work, (28, 
39). All the classes also had different regular teachers and it is possible that how the 
teachers introduced to study to the students affected the level interest in the topic. 
 
The study 
A big limitation of this study is its size. The study only covers one age group and 
therefore doesn’t recognize that practical work may be more beneficial to students at 
specific times during their education. It is also small and as it was conducted in rural 
Cornwall does not portray a true representation of the general population. 
 
Conclusions  
The conclusion of this study is that whilst practical work undoubtedly teaches a range of 
physical skills unavailable through non-practical work it is not always the best approach 
for the learning of information. In the case of the top set students it can be concluded that 
there was no benefit seen in the retention and learning of information through practical 
work as there was no statistically significant difference between the post-test results for 
the non-practical and practical lesson styles. As the practical lesson was time inefficient 
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(taking double the time to complete) it is in the interest of these students to participate in 
the non-practical lesson as the same grade will be achieved in less time. 
For the lower ability students (bottom set), a greater increase in the learning of 
information was shown in the post-test result for the practical lesson. The practical lesson 
produced as mean post-test result of 6.29 whereas the non-practical lesson produced a 
mean post-test result of 3.7.These results were seen to be statistically different from one 
another when analysed using  t-tests and echo the results of the Thompson (52). From 
this result it can be inferred that the less able students benefitted from the practical 
lesson style. Whether it is the process of learning practical that caused this improvement 
in their learning or the lesson style taking more time and therefore giving students to 
reflect and build ideas is inconclusive.  
The data from the VARK questionnaire proved inconclusive in regards to whether 
students learn better when the type of lesson matches their learning style as there was 
no statistically significant difference found for the students’ post-test results whose 
learning style was compatible with the lesson style when compared with the results of 
students whose learning style were not compatible with the lesson style they participated 
in. The only real conclusion to be draw was that multimodal learners appear to learn 
better than all other learners regardless of the type of lesson. 
 
Further work 
To produce more reliable results for the application of the conclusion to the population to 
be plausible a much larger study is need involving a greater number of students of 
varying ages, ethnicities and genders. The study should also be expanded to include a 
number of different chemistry practices to try to ascertain if there is some practical’s that 
always produce more positive results when taught either none practically or practically.  
To try and build a larger picture of the benefits of laboratory work an investigation in to 
how it helps to build key laboratory skills could be of interest. 
The lesson style chosen for this study are by no means the only types of lesson available 
to students so comparison between practical work and other leading styles for example 
practical demonstration of participation would relate well to the material covered in this 
study. 
To investigate how much the time taken to learn the lesson material affected the results a 
similar study could be produced with an equal amount of time spent on both the practical 
and non-practical lesson styles. 
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